The organozinc flurocarboxylates RZnO 2
), hydrogen storage 6 and as secondary building units for a vast array of metal-organic frameworks (MOFs). 7-9 As a result, in excess of 5000 zinc carboxylate structures can be found in the Cambridge
Crystallographic database, though, remarkably, only 16 are organozinc carboxylates of which 12 adopt a conventional RZn(O 2 CR') arrangement.
Our interest in this area is the possible use of volatile zinc carboxylates as precursors for ZnO materials. ZnO has a hexagonal wurtzite structure and is a wide bandgap semiconductor with a bandgap of 3.3eV; 10 conductivity can be increased with the addition of dopants such as B, 11 Al, 12 Ga, 13 In. 14 In particular,
we are interested in fluorine-doped zinc oxide (ZnO:F) 15 as an alternative transparent conducting oxide (TCO) to the more common In 2 O 3 :Sn (ITO) or fluorine-doped tin oxide (FTO). In ZnO:F, fluorine atoms enter the ZnO lattice in substitutional form; Gordon et. al have theorised that due to this, fluorine doping gives the lowest resistivity to ZnO. 15 ZnO:F has been identified as having the highest transparency and being one of the least toxic TCOs, as well as being cheap and abundant, both pre-requisites for sustainable commercial exploitation. 16 Thin films of ZnO:F have been deposited using spray pyrolysis, 17 sol-gel spin coating 18 and sputtering. 19 Gordon et. al have studied the deposition of ZnO:F by CVD extensively and have deposited films initially using a multi-source approach, i.e. Et 2 Zn, EtOH and C 3 F 6 and later using Et 2 Zn.TMEDA, EtOH and C 6 H 5 C(O)F. The earlier precursors in particular grew high quality films with a very low sheet resistance of 5Ω/square and a visible absorption of 3%. 10, 15 We have previously used organotin fluorocarboxylates to successfully deposit FTO, 20 and have now attempted to use the same methodology for ZnO:F. While a search of the Cambridge Crystallographic database reveals numerous structures containing the Zn(O 2 CCF 3 ) moiety, only two reports concern more fluorinated carboxylic acid derivatives of zinc.
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Experimental
All operations were carried out under an atmosphere of dry dinitrogen or argon using standard Schlenk and glove-box techniques. Hexane, dichloromethane and tetrahydrofuran solvents were dried using an Innovative Technology, Inc. Solvent Purification System (SPS) system and degassed under dinitrogen or argon prior to use. Deuterated THF and chloroform (C 6 D 6 ) NMR solvents were purchased from Aldrich and dried over molecular sieves before use. All dry solvents were stored under dinitrogen or argon in Young's flasks over 4 Å molecular sieves. 
Crystallography
Experimental details relating to the single-crystal X-ray crystallographic studies are summarised in Table   1 . For all structures, data were collected on a Nonius Kappa CCD diffractometer at 150(2) K using Mo-K  radiation ( = 0.71073 Å). Structure solution was followed by full-matrix least squares refinement and was performed using the WinGX-1.70 suite of programmes. 23 There were several issues with the structure determinations, specifically associated with disorder in the fluorocarbon groups, details of which are given below; in no case is the overall structure compromised by the difficulties in addressing these disorders.
In 2, there are two Zn 5 units linked through an inversion centre at the heart of the dimer. Two of the C 2 F 5 groups show disorder, one in the ratio 50:50 and the other in the ratio 70:30; two internuclear distances [C(4)-F(2) and C(7)-F(7A)] have been restrained.
Difficulties in solving and refining the structure of 8 were concentrated at the 'determination of space group'. The absences recorded were indicative of 3 possibilities viz. Pnm2 1 , Pn21m and Pnmm, none of which afforded a reasonable starting point. Ultimately, the structure was solved in a low symmetry space group, and the location of the motif used to establish the correct assignment (P22 1 2 1 ) as presented herein.
The employment of special positions invoked in the model, give rise to a special absence -in this case the 'n' glide -which is not 'real'. Refinement was uneventful, and residual electron density is chemically insignificant, being a ripple close to one of the zinc atoms in the aggregate that constitutes the core of this compound. In 13 there is disorder in two out of the four C 2 F 5 groups in the ratio 1:1. There is potential disorder in one more C 2 F 5 group, however it was not possible to resolve this; in particular, C(21) has a very large ADP and could potentially be split into two positions but attempts to effect this resulted in divergent refinement. All internuclear distances in the disordered groups have been idealised and some of the ADPs equalised.
In 15 there is disorder in two of the four C 3 F 7 groups in the ratio 60:40. All C-C and some C-F internuclear distances in the disordered C 3 F 7 group based on C(31)-C(34) have been restrained. The hydrogen atoms of the water ligand have been located in the difference Fourier map and freely refine
Materials Chemistry
TGA Analysis of the complexes was performed using a Perkin Elmer TGA 4000 Thermogravimetric
Analyzer. Data points were collected every second at a ramp rate of 20 o C min -1 in a flowing (50 mL min 
Results and Discussion
Synthesis and Structures
Organozinc fluorocarboxylates were prepared following a literature method for the preparation of EtZnO 2 CPh (Eqn. 1). 24 The resulting air-and moisture-sensitive white products were isolated and characterized by NMR, which are unexceptional save that they confirm the retention of one alkyl group on zinc and, from the 13 C NMR, that the fluorocarbon residue remains intact; yields were in the range 61 -70 % Initial attempts to recrystallize (1) and (3) C of the R f ligand.
In order to influence the volatility of the organozinc fluorocarboylates, their synthesis was repeated in the presence of tetramethylethylenediamine (TMEDA) to attempt to break up the polymeric structures of the former (see below). Thus, 1: 1 adducts 9 -12 were synthesised in the reaction between R 2 Zn (R = Me, Et) and R f CO 2 H (R f = C 2 F 5 ,C 3 F 7 ) in the presence of TMEDA in hexane, using a slight excess of R over a period of 3 months.
Structural Analysis
The structures of RZnO 2 CR f (R = Et, R f = C 2 F 5 5, C 3 F 7 7) have been determined and are essentially the same; a twined crystal of 1 (R = Me, R f = C 2 F 5 ) was also studied, and although a complete structure determination could not be completed, the data were sufficient to show that it also adopts the same structure as both 5 and 7. Accordingly, only data for 7 is discussed here, with details for 5 available as supplementary data.
The structure of EtZnO 2 CC 2 F 7 (5) (Fig. 1) 12 formula, though disorder in the C 3 F 7 groups in 4 hindered full structural determination, but it adopts the same framework as that of 2 (Fig. 2) .
The structure of 2 ( Fig. 2a) The asymmetric unit of octa-zinc Zn 8 Et 4 (OEt) 4 (O 2 CC 3 F 7 ) 6 (O) (8) (Fig 4) is one half of the formula unit, the remainder generated by a two-fold axis through the  4 -O (1) (ESI), analogous to that seen in 7 (Fig. 1) , and the precedent for the formation of metal fluorides from, for example, metal fluoroalkoxides, under similar circumstances. 35 When a larger sample of 5 was heated to 400°C under N 2 , the temperature maintained for 1 hour and then cooled to room temperature at 1°C/min, the black residue (11.6 % carbon impurity) that remained was shown to be tetragonal ZnF 2 by PXRD (Fig. 9 ).
While accurate quantitative EDX analysis proved difficult due to sample charging, the atomic ratios broadly correspond to a mixture of largely ZnF 2 with a second, oxygen-containing species which is possibly Zn(OH)F but there is no direct evidence for this in the PXRD ( Compounds 3 and 7 undergo more clearly defined decomposition steps at T > ca. 250 o C though we cannot make any rationale assignments to these processes. The residues (9.3, 11.5 % for 3, 5, respectively) are well below the values for either ZnO or ZnF 2 and strongly imply that these compounds are volatile.
3 was chosen as the precursor for CVD trials due to its superior volatility; LPCVD (47.2 Torr) was the chosen technique as the precursor was not deemed volatile enough for APCVD. Films were grown at 450°C onto glass over a period of 2 hours with the line and bubbler temperatures set to 150°C. Films were transparent and did not conduct to any notable extent when tested with a voltammeter. SEM imaging (Fig.   10a ) reveals a uniform film consisting of crystallites of ca. 50 -100 nm with cracks between clusters of these crystallites; EDX confirms the presence of Zn and O but could not detect any F in the film. PXRD confirms that a highly oriented ZnO film has been produced with a very intense peak corresponding to the (002) reflection (Fig. 10b) . The morphology of the ZnO crystallites does merit further comment. The common modification of ZnO thin films is usually as hexagonal rods, in which polar (001) faces are parallel to the substrate i.e the c-axis and the substrate are parallel. In such a circumstance, the polar faces, which are commonly believed to be the active sites in various catalytic processes, are (i) in low abundance compared to the non-polar walls of the hexagon and (ii) largely inaccessible. 36,37 The growth of vertically-aligned hexagonal microplates, in which the (001) face (c-axis) is perpendicular to the substrate, have larger surface area of available polar faces, and are seen to be more reactive e.g. enhanced photocatalytic activity. 38 The enhanced intensity of the (002) reflection, such as seen in Fig. 10b , can arise from preferred (001) growth (e.g. the vertically-aligned hexagon modification with the c-axis perpendicular to the substrate) or from a larger number of (001) faces (the common hexagonal rod morphology but with the c-axis parallel to the substrate). Although the SEM image of the films deposited from 3 are of low-resolution (Fig. 10a) , they appear to show clusters of vertically-aligned plates which combine into pseudo-spherical aggregates; they are certainly not consistent with the more common hexagonal rod morphology. The purely inorganic precursors Zn(O 2 CR f ) 2 .TMEDA (13, 14) decompose in essentially a single concerted step (Fig. 12) , though a second stage in the decomposition of 14 at T > 290 o C is visible. In both cases the remaining residue at 350 o C (6.25, 12.3 % for 13, 14, respectively) is less than that expected for ZnO (15.8, 13.2 %, for 13, 14, respectively), indicating some volatility to these species. and these, along with their intramolecular nature, may account for the success in the indium system which is lacking with our zinc compounds.
